Summary A polymerase chain reaction (PCR)-based subtractive hybridization technique was used to identify transformation-related genes in malignant melanoma. Melanoma biopsies were compared with tissues of benign melanocytic naevi and 549 gene fragments were screened using arrayed filters. Thirty-eight clones were confirmed to be differentially expressed representing 30 different genes (18 melanoma-specific and 12 naevus-specific genes). To further confirm differential gene expression, Northern blot analyses with six of the 30 genes as probes were performed. All six were differentially expressed in benign and malignant melanocytic lesions, specifically dbpB/YB-1, 67-kDa laminin receptor, CAGH-3, 71-kDa heat shock protein and two unknown genes. The expression levels of these genes were then analysed in 50 different tissues to determine their overall expression profile. In conclusion, the technique of PCR-based subtractive hybridization in combination with arrayed filters allows detection of differences in gene expression even in tissues from which high-quality RNA is hard to isolate. The genes identified in this study are of interest because of their potential role in the pathogenesis of malignant melanoma.
Melanocytic naevi, dysplastic naevi, horizontally growing melanoma (radial growth phase), invasively growing melanoma (vertical growth phase), and metastasizing melanoma are thought to represent successive stages in the tumour progression of the melanocytic lineage. Melanocytic transformation is accompanied by specific changes in gene expression. Some 200-300 genes are supposed to be differentially expressed between normal and cancer cells contributing to the malignant phenotype of tumours. Several genes have already been identified to be differentially expressed in malignant melanoma. Specific examples include the melanoma-associated antigens MAGE and PRAME (van der Bruggen et al, 1991; Ikeda et al, 1997) , the tumour suppressor p16/CDKN2 (Reed et al, 1995) , the melanocyte lineage marker Pmel17/gp100 (Wagner et al, 1997) , and the epidermal growth factor (EGF) receptor (Real et al, 1986) . Nevertheless, further data is needed to provide better insight in the tumour biology of melanoma because individually none of these genes has been shown to be aetiologically involved in tumour progression (Herlyn, 1993) . It is also well accepted that multiple and independent events lead to an accumulation of genetic defects that determine the malignant phenotype of tumours.
Gene expression patterns in vitro also differ from those in vivo because of the cell culture conditions and the altered microenvironment of the cells. Results obtained from tumour tissues may therefore be more reliable than those from cell lines. However, when dealing with tissues there are significant problems such as the limited number of primary tumour samples available, the heterogeneity of the tissues, individual tissue variations, and the difficulty in isolating high-quality RNA in sufficient amounts from biopsies that are hard to homogenize (e.g. skin). We therefore used the following strategies to overcome these problems: (i) A modified RNA isolation step was established to obtain high-quality RNA from skin biopsies (Hipfel et al, 1998) ; (ii) for difference analysis five primary melanoma and five melanocytic naevi were pooled, respectively, to reduce the number of genes obtained due to individual tissue variations; (iii) a polymerase chain reaction (PCR)-based subtractive hybridization method was applied that allows the enrichment of low abundant differential transcripts and requires less RNA than conventional subtractive hybridization techniques; (iv) arrayed filters were used for high-throughput gene expression difference analysis (reverse Northern blot); and (v) finally Northern blot analysis using selected gene fragments as probes were used to confirm differential gene expression in a range of relevant tissues and cell lines. This procedure led to the identification of several genes, including some unknown genes and expressed sequence tags, that have never previously been associated with melanocytic transformation.
MATERIALS AND METHODS

Tissue specimen collection and RNA extraction
A total of 100-250 mg of five benign congenital melanocytic naevi (measuring less than 10 cm in diameter) and five primary melanoma tissues (tumour thickness ranged between 1.04 mm and 3.3 mm) were snap-frozen in liquid nitrogen immediately after resection. Benign congenital instead of acquired melanocytic naevi were used to get sufficient RNA for the subtraction. None of these congenital melanocytic naevi demonstrated any signs of architectural disorder or cytologic atypia in the naevocytes. Tissue samples were also collected from skin (safety margin of melanoma surgical specimen) and melanoma metastases of the skin and Specifically regulated genes in malignant melanoma tissues identified by subtractive hybridization lymph nodes. High-quality total RNA was isolated using our modified procedure based on a guanidinium thiocyanate (GTC)-phenol mixture (RNA-Clean™; AGS, Heidelberg, Germany) as described previously (Hipfel et al, 1998) . Integrity of the RNA was checked by gel electrophoresis revealing two bright bands corresponding to ribosomal 28S and 18S RNA at about 4.5 and 1.9 kb, respectively, with a ratio not smaller than 1:1. Polyadenosine (Poly-A) RNA was isolated from the total RNA preparation using the Quickprep Micro mRNA Purification Kit (Pharmacia Biotech, Freiburg, Germany) with yields between 1 and 5%.
PCR-based subtractive hybridization
Reciprocal subtractive hybridizations were carried out between cDNAs from melanoma and naevi tissues using the PCR-Select™ cDNA Subtraction Kit (Clontech, Palo Alto, CA, USA) as described in the instructions to enrich for both melanoma-specific and naevus-specific transcripts.
Briefly, poly-A RNA from five melanoma biopsies and five congenital melanocytic naevi from different patients were pooled respectively. As starting material, 2 µg poly-A RNA each was used for first-strand and second-strand cDNA synthesis. After RsaI-digestion and adaptor ligation hybridization of tester and driver were performed for 8 h (first hybridization) and 15 h (second hybridization) at 68°C. Two PCR steps were performed to amplify differentially expressed genes (first PCR: 27 cycles of 94°C 30 s, 66°C 30 s and 72°C 1.5 min; nested PCR: 12 cycles of 94°C 30 s, 66°C 30 s and 72°C 1.5 min) using the 50 × Advantage KlenTaq Polymerase Mix (Clontech). Efficiencies of RsaIdigestions, adaptor ligations and subtractive hybridizations were checked as recommended in the kit.
Subtracted cDNAs were inserted into the EcoRV site of pBluescript ® II SK (Stratagene, Heidelberg, Germany) and transformed into INVαF′ cells (Invitrogen, Leek, The Netherlands).
Arrayed filters and hybridization analysis (reverse Northern blot)
To isolate individual cDNAs of the subtracted library single bacterial transformants were incubated in 100 µl LB amp (50 µg ml -1 ) at 37°C for at least 4 h. Inserts were PCR amplified (95°C 30 s, 56°C 30 s and 72°C 2.5 min for 30 cycles) in 20 µl containing 10 mM Tris-HCl pH 9.0, 1.5 mM magnesium chloride (MgCl 2 ), 50 mM potassium chloride (KCl), 200 µM dNTP, 0.5 µM vectorspecific SK and KS primers, 1.5 Units Taq polymerase (Pharmacia Biotech), and 1 µl of bacterial culture.
Then, 1.5 µl of a mixture containing 3 µl PCR-amplified inserts and 2 µl 0.3 N sodium hydroxide (NaOH)/15% Ficoll were spotted onto a 10 × 10 cm positively charged nylon membrane (Boehringer Mannheim, Germany). In this way, 100 spots were arrayed on duplicate filters for subsequent hybridization. The first differential screening step consists of hybridizations of the subtracted library with itself to minimize background (Wang and Brown, 1991) . The probes were made of the nested PCR product of the subtractions with melanoma as tester (melanoma subtracted probe) or naevi as tester (naevi subtracted probe) following the instructions of the Clontech subtraction kit. Labelling with Digoxigenin was performed with the DIG DNA Labelling Kit (Boehringer Mannheim). Hybridizations were carried out overnight in a buffer containing 6 × SSC (saline-sodium citrate), 50 µg ml -1 denatured salmon sperm DNA, 5 × Denhardt's solution (0.2% (w/v) Ficoll 400, polyvinylpyrrolidone and bovine serum albumin (BSA) each), and 0.5% sodium dodecyl sulphate (SDS) at 65°C. The filters were washed twice in 2 × SSC/0.5% SDS at 65°C for 10 min and twice in 1 × SSC/0.5% SDS at 65°C for 10 min, and subjected to detection using anti-DIG-AP conjugates and CDP-Star™ as chemiluminescent substrate according to the instructions of the DIG DNA Detection Kit (Boehringer Mannheim). Blots were exposed to Kodak X-OMAT chemiluminescent film at room temperature for several minutes.
Clones confirmed to be differentially expressed in this first screening step were again arrayed on duplicate filters as described above and subjected to the second differential screening step with hybridizing probes made of unsubtracted cDNA from melanoma tissues (melanoma cDNA probe) and unsubtracted cDNA from naevus tissues (naevi cDNA probe). RNA used for the synthesis of these probes were from the same pool of RNA used for subtraction. Probes were labelled with Digoxigenin during cDNAsynthesis in 40 µl containing 1 µg mRNA, 50 mM Tris-HCl pH 8.3, 75 mM KCl, 3 mM MgCl 2 , 2.5 µM dithiothreitol (DTT), 4 µl 10 × DIG dNTP labelling mixture (Boehringer Mannheim), 1 µM T20-primer, and 100 Units SuperScript™ II RNAase H Ϫ reverse transcriptase (Gibco-BRL, Eggenstein, Germany) for 1 h at 42°C. Hybridization, washing of the filters, and detection of the signals were performed exactly as described for the first screening step.
Sequencing and computer analysis
Cloned cDNAs that were confirmed to be differentially expressed in the first and second differential screening step were sequenced using the BigDye Terminator Cycle Sequencing reagents (PerkinElmer, Foster City, CA, USA) and an ABI373 DNA Sequencer. Identification of sequences was performed using the nonredundant database of GenBank, EMBL, DDBJ and PDB (BLAST program).
Northern analysis
To further confirm differential gene expression 1 µg mRNA from several melanoma, melanocytic naevi, skin, melanoma metastases and melanoma cell lines was fractionated on a 1% Northern gel and transferred to a positively charged nylon membrane (Boehringer Mannheim). The blot was hybridized with DIG-labelled cDNA fragments of the confirmed clones (67-kDa laminin receptor, dbpB/YB-1, CAGH-3, 71-kDa heat shock protein, novel gene, EST ac73 g10.sl). Hybridization was performed overnight at 50°C in DIG Easy Hyb (Boehringer Mannheim). The filters were washed twice in 2 × SSC / 0.1% SDS at room temperature for 2 min and twice in 2 × SSC / 0.1% SDS at 50°C for 15 min, and subjected to Digoxigenin detection as described above. Hybridization signals were quantified by scanning the chemiluminescent film and volume integration using the Molecular Analyst™ program (BioRad Laboratories, Hercules, CA, USA).
Expression patterns of differentially expressed genes in other human tissues were determined using the RNA Master Blot™ (Clontech) with dots of poly-A RNA from 50 different tissues and developmental stages. Hybridizing probes were radioactive labelled with the Klenow fragment of DNA polymerase I (MBI Fermentas) in the presence of 50 µCi [α-32 P]dCTP (Amersham) and 1 µg hexamer primer (Feinberg and Vogelstein, 1983) . Hybridization and washing were carried out according to the manufacturers' instructions. Filters were exposed to an autoradiography film, and hybridization signals were quantified using a Phosphorimager (Fujifilm BAS 1500).
RESULTS
PCR-based subtractive hybridization comparison of gene expression patterns between malignant melanoma and melanocytic naevus tissues
Reciprocal PCR-based subtractive hybridizations were carried out between primary melanoma and melanocytic naevi cDNAs to identify melanoma-specific genes (melanoma as tester) and naevus-specific genes (naevi as tester). Subtraction efficiency was determined using a semi-quantitative PCR for gluceraldehyde 3-phosphate dehydrogenase (GAPDH). A significant reduction of the cDNA of the abundant housekeeping gene GAPDH was observed in subtracted compared to unsubtracted cDNA for both naevi as tester and melanoma as tester indicating that the subtractive hybridizations were successful ( Figure 1A) . Differences of about seven cycles and 13 cycles for equal amplification of GAPDH were seen in the subtraction with melanoma as tester and with naevi as tester, respectively, suggesting that the latter was more efficient (five cycles correspond roughly to a 20-fold cDNA concentration difference).
For further verification of successful subtractive hybridizations tyrosinase, a melanocytic lineage marker known to be overexpressed in melanoma compared to naevi (Herlyn, 1993) was amplified. As seen in Figure 1B , an enrichment of tyrosinase transcripts was seen in the subtraction with melanoma as tester and a reduction of tyrosinase transcripts with naevi as tester.
Moreover, the melanoma-associated antigen PRAME (Ikeda et al, 1997) was present in much higher quantities in the melanomaspecific subtracted library than in the naevus specific subtracted library (data not shown).
Use of arrayed filters to screen large numbers of cDNA inserts of the subtracted library
The enriched cDNAs of the subtractions were cloned, and individual inserts were PCR amplified and spotted onto duplicate nylon membranes (arrayed filters). Insert sizes ranged between 200 bp and 1400 bp (average size was about 400 bp). In the first differential screening step the clones were hybridized with a probe made of the subtracted library itself (Wang et al, 1991) to eliminate non-differential clones (Figure 2 ). Of 549 clones, 337 (61%) revealed differential signals (174 melanoma-specific and 163 naevus-specific clones) and were therefore subjected to the second differential hybridization step with probes made of unsubtracted cDNA from melanoma tissues and naevus tissues, respectively. A high percentage of the clones (72%) revealed no signal at all, suggesting that among these cDNA low abundant transcripts are present that cannot be detected in this way. Thirty-eight clones (11%) were confirmed to be differentially expressed, 22 melanoma-specific clones and 16 naevusspecific clones (Table 1) . These clones were sequenced and analysed by database searching with the BlastN program (Altschul et al, 1997) . In Figure 3 representative clones of the arrayed filters are
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British Journal of Cancer (2000) Figure 2 First differential screening step using arrayed filters hybridized with subtracted cDNA probes. Individual clones of the subtracted libraries were spotted onto duplicate nylon membranes (clones of the subtraction with melanoma as tester are localized in the upper halves of the filters, clones of the subtractions with naevi as tester in the lower halves). The arrayed filters were hybridized with a melanoma subtracted probe (left) and a naevi subtracted probe (right) revealing most genes to be differentially expressed and some to be false-positive or false-negative (17) 241 (72) 38 (11) shown, and in Tables 2 and 3 all clones are listed with the insert sizes and the GenBank matches. Among these, there were several genes already known to be differentially expressed (e.g. S-100, gp 100), some genes that have never been associated with the malignant phenotype (e.g. CAGH-3, dbpB/YB-1), and some unknown sequences (novel genes and expressed sequence tags).
Northern analyses to examine expression of genes in a range of tissues and cell lines
To further confirm differential gene expression between benign and malignant melanocytic lesions, and to investigate the expression profile during melanoma progression, six genes were selected (marked in Tables 2 and 3 ) to use as probes on Northern blots using RNA from different sources: skin, common congenital melanocytic naevi, primary melanoma, lymph node and skin metastases of melanoma as well as various melanoma cell lines. Quantification of the hybridization signals revealed all six genes to be differentially expressed between benign and malignant melanocytic lesions (Figure 4) . Interestingly, expression of one gene, the 67-kDa laminin receptor, showed a correlation with tumour progression ( Figure 4A ) that is consistent with the data in the literature (Vacca et al, 1993) but contradicts the result of the arrayed hybridization where the gene is preferentially expressed in naevi (Table 3) . Expression of dbpB/YB-1 correlates with tumour progression since skin and three of three naevi showed almost no signal, whereas all of the examined melanoma, melanoma metastases and melanoma cell lines revealed significant stronger signals ( Figures  4B and 5A ).
CAGH-3 was not found in skin and in none of the eight naevi examined, whereas a weak signal could be detected in one of five primary melanomas. A strong signal was seen in two of four lymph node metastases and in one of one skin metastasis. In addition, four of five melanoma cell lines were positive for CAGH-3 ( Figure 4C ).
The novel gene (clone 8 in Table 3 ) was strongly expressed in skin and in four of five melanocytic naevi but not in primary melanoma, lymph node metastases, skin metastasis and melanoma cell lines (Figures 4D and 5B) . The transcript is about 0.5 kb in length and shows no homology to any known sequence (BLAST search and search in the TIGR database).
The EST ac73 g10.sl was not detected in skin, naevi and primary melanoma but was expressed in one of three lymph node 71-kDa heat shock cognate protein Proteasome subunit X Figure 3 Second differential screening step using arrayed filters hybridized with unsubtracted cDNA probes. The clones confirmed in the first screening step were again spotted onto duplicate filters and hybridized with unsubtracted cDNA from melanoma (MM) and unsubtracted cDNA from naevi (N) respectively. Eight of the 38 clones that were confirmed in both screening steps are shown (six melanoma-specific genes and two naevusspecific genes) Gene fragments preferentially expressed in primary malignant melanoma identified by arrayed filter hybridizations. Bold lettering indicates the genes that were analysed on Northern blot. The homology search was performed using the BLAST program with sequence identities between 93% and 100%. The homology region corresponds to the nucleotide positions within the GenBank sequence.
metastases, in one of one skin metastasis, and in five of five melanoma cell lines. This suggests that this gene is up-regulated in malignant melanocytes ( Figure 4E ). The transcript is about 2.9 kb in length and shows homology to the 3'end of murine necdin (367 of 372 bases). Finally, the 71-kDa heat shock cognate protein is weakly expressed in skin and in four of four melanocytic naevi and is highly expressed in all melanoma cell lines, lymph node and skin metastases examined.
In addition, the RNA Master Blot™ (Clontech) with RNA from 50 different tissues and developmental stages was applied to determine the overall expression profiles of the novel gene, the EST ac73 g10.sl, CAGH-3 and dbpB/YB-1 that were confirmed to be differentially expressed in melanoma. The Master Blot was normalized to the mRNA expression levels of eight different housekeeping genes: ribosomal protein S9, 23-kDa highly basic protein, tubulin, phospholipase, HPRT, β-actin, G3PDH and ubiquitin. A probe for ubiquitin was used as control showing a fairly consistent hybridization signal from all sample dots (data not shown). The Master Blot also contained yeast total RNA and tRNA, Escherichia coli rRNA and DNA, as well as human Cot1 DNA as negative controls that all showed no detectable signal in any of the hybridizations. Hybridization with EST ac73 g10.sl as a probe revealed that the gene is mainly expressed in pituitary gland and in placenta. The novel gene (clone 8 in Table 3 ) showed no detectable signal in any of the 50 tissues analysed and seems therefore be expressed exclusively in melanocytic naevi and normal skin. dbpB/YB-1 is expressed in most tissues but mainly in skeletal muscle, testis, heart, fetal liver and fetal heart. Finally, CAGH-3 is most prominently expressed in placenta and to a much lower extent in ovary and brain.
DISCUSSION
The identification of genes specifically overexpressed or repressed in tumour tissues is a key step towards the understanding of the malignant transformation process. In this study a PCR-based subtractive hybridization method was applied to detect genes differentially expressed in malignant and benign melanocytic lesions using primary melanoma and benign melanocytic naevus tissues. We obtained two subtracted cDNA libraries of good quality as demonstrated by a significant reduction of cDNA of the abundant housekeeping gene GAPDH in subtracted compared to unsubtracted cDNAs. Furthermore, the melanoma-associated antigen PRAME (Ikeda et al, 1997) was present in much higher quantities in the melanoma-specific library than in the naevusspecific library.
High-quality RNA is needed for this technique but this is difficult to extract from small amounts of skin tissues. We therefore established an optimized protocol as described previously (Hipfel et al, 1998) . Only a few studies have so far used tissues as starting material, most studies comparing gene expression between cell lines. Analysis of genes in tissues, however, has two major advantages. First, gene expression patterns are not altered due to growth factors and other additions to the culture media, and second, genes can be identified that are differentially regulated in benign and malignant lesions due to cell-cell interactions between melanocytes, fibroblasts and keratinocytes. It is known, for example, that the gene expression profile of melanocytes is partly regulated by keratinocytes, e.g. the expression of the MUC18 adhesion receptor , and that escape from keratinocyte control is a first step towards melanocytic transformation. In addition, melanoma cells produce a large number of Figure 4 Quantification of Northern hybridization signals of six genes by scanning and volume integration. The cloned transcript fragments of the 67-kDa laminin receptor (A), the dbpB/YB-1 (B), the CAGH-3 (C), the novel gene (D), the EST ac73 g10.s1 (E) and the 71-kDa heat shock protein (F) were used as probes on Northern blots. All genes were confirmed to be preferentially expressed in either malignant lesions (A-C, E-F) or in normal skin and benign lesions (D). Depths of invasion of the primary melanoma (Clark level I-V) are indicated (Clark et al, 1969) . 28S rRNA was used as control. Approximate sizes of the transcripts were 1 kb (A), 1.6 kb (B), 2.3 kb (C), 0.5 kb (D), 2.9 kb (E) and 2.3 kb (F). Relative units (x-fold): Integrated volume of the bands on the Northern blot adjusted for background removal using the Molecular Analyst ® Software (Bio-Rad) soluble factors affecting the expression profile of the neighbouring cells which may also be of importance for the progression of the tumour . We therefore did not apply microdissection techniques to obtain all cell types of the skin for the subtraction analysis. We demonstrated that PCR-based subtractive hybridization with RNA isolated from skin tissues is a powerful technique to identify a large number of differentially expressed genes. The method prevents amplification of common sequences and allows the enrichment of rare messages by means of the suppression PCR (Siebert et al, 1995; Diatchenko et al, 1996) . The application of two consecutive differential screening procedures allowed a stepto-step elimination of non-differential clones. The first screening consisting of self-hybridizations of the subtracted library (Wang and Brown, 1991) led to the elimination of 212 of 549 analysed clones (39%) and is therefore a valuable tool to reduce the number of non-differential clones. The second screening consisting of hybridizations with unsubtracted cDNA as probes led to the elimination of another 58 non-differential clones (17%). The majority of clones, however, represented transcripts without detectable signals on the arrayed filters (Table 1) . This is probably due to the low-abundance of these transcripts as they were detected with the amplified subtracted cDNA probe in the first screening step but not detected with the non-amplified unsubtracted cDNA probe in the second screening step. This high number of rare transcripts reflects the strength of the suppression PCR and it would be interesting to analyse with a different screening procedure how many of these rare transcripts are differentially expressed.
Sequencing of the 38 confirmed cDNA clones showed that a high number of different genes (30 of 38) were detected, reflecting the high quality of the subtracted library (Tables 2 and 3) . Only gp100 and keratin was detected several times (five clones each). gp100 is a melanocytic lineage marker that is known to be significantly overexpressed in melanoma (Wagner et al, 1997) . This result shows the high efficiency and reliability of the subtraction technique. S100, a calcium-binding protein that is diagnostic of a lesion of melanocytic origin, was found once in the melanomaspecific library and might as well be overexpressed in melanoma cells. In the naevus-specific library, two of the 16 identified genes are known to be expressed mainly in keratinocytes and were isolated several times (keratin and loricrin). The fact that many keratinocyte-specific genes are found in the naevus-specific library suggests that keratinocyte RNA is overrepresented in naevus tissues compared to melanoma biopsies. In the tumour tissues most likely the transcription of many different genes are switched on to facilitate the uncontrolled growth of the tumour cells. This can result in the underrepresentation of keratinocytespecific genes in the melanoma-specific library.
Of the 38 differentially expressed clones, seven genes were unknown, four melanoma-specific and three naevus-specific transcripts (Tables 2 and 3 ) including a sequence contained in a human BAC clone (RG180F08), four expressed sequence tags (ESTs), one unknown gene (clone 16 in Table 3 ) that shows a small homology to bovine desmoglein (81/92 bases), and one sequence that shows no homology to any known gene (clone 8 in Table 3 ). The latter revealed a very restrictive expression pattern, and it has yet to be clarified in which skin cell the gene is expressed. Although tissues from different patients were compared only two polymorphic genes were detected (HLA B and Ig λ).
Six of the identified genes were selected to further confirm differential gene expression on Northern blot including CAGH-3, dbpB/YB-1, EST ac73 g10.sl, 71-kDa heat shock cognate protein, the novel gene (clone 8 in Table 3 ), and 67-kDa laminin receptor. All six genes were confirmed to be differentially expressed between benign and malignant melanocytic lesions. The results of the array hybridizations were confirmed in five cases, reflecting the strength and usefulness of the technique. However, the sixth gene, the 67-kDa laminin receptor was found on Northern blot to be higher expressed in melanoma which is in line with published data (Vacca et al, 1993) but contradicts the finding of the array hybridization. This demonstrates that array hybridization is a good tool for screening large numbers of clones but Northern blot is necessary to confirm the results for the individual clones.
CAGH-3 was initially found by screening human brain cDNA libraries with (CAG) n probes to identify new candidate genes for neuropsychiatric diseases arising from trinucleotide repeat expansion mutations (Neri et al, 1996) . Gene products with several glutamine residues may function as transcription factors and have a potential role in neurodevelopment (Margolis et al, 1997) . The fact that CAGH-3 is also expressed in primary melanoma, melanoma metastases and melanoma cell lines ( Figure 4C ) could be explained by the origin of the melanocytes from the neural crest. CAGH-3 may be a transcription factor that is involved in the melanocytic transformation process. In addition, we found that Figure 5 Northern blot hybridizations. The cloned fragments of the dbpB/YB-1 (A), the novel gene (B), and the 71-kDa heat shock protein (C) were used as probes on Northern blots. The dbpB/YB-1 (1.6 kb) was confirmed to be overexpressed in melanoma, melanoma metastases, and melanoma cell lines, whereas the novel gene (0.5 kb) was confirmed to be preferentially expressed in benign lesions (naevi) and skin. The 71-kDa heat shock protein (2.3 kb) was preferentially expressed in malign melanocytic lesions. Although the product is almost not expressed in benign melanocytes in vivo (naevi), it is strongly expressed in melanocytes in vitro. Depths of invasion of the primary melanoma (Clark level I-V) are indicated (Clark et al, 1969) CAGH-3 is expressed in high quantities in placenta, much higher than in brain and ovary, suggesting that CAGH-3 also plays a role outside the brain. The 71-kDa heat shock protein shows an increase in gene expression with tumour progression. This gene is also expressed in normal melanocytes in vitro suggesting that there are substantial differences in the expression profile between benign melanocytic lesions and melanocytes in vitro ( Figures 4F and 5C ). This protein is supposed to have important roles as multifunctional chaperone including modulation of oncogene-mediated transformation, e.g. interaction with p53 (Yehiely and Oren, 1992) . dbpB/YB-1 is a member of a DNA-binding protein family, contains a cold shock domain and is regarded as transcriptional regulator (Kudo et al, 1995) . Binding of dbpB/YB-1 to the epidermal growth factor receptor (EGFR) enhancer (Sakura et al, 1988 ) may lead to an up-regulation of EGFR. Interestingly, expression of EGFR correlates with melanoma progression (Rodeck, 1993) . To our knowledge, expression of dbpB/YB-1 has never been associated until now with melanocytic transformation. In 27 out of 27 primary breast tumours dbpB/YB-1 was expressed but the gene product was undetectable in normal breast tissues (Bargou et al, 1997) . The same group found that dbpB/YB-1 can induce MDR-1 gene expression and multidrug resistance in human breast cancer. We found dbpB/YB-1 in many tissues, mainly in skeletal muscle, testis and heart, confirming previous results (Kudo et al, 1995) . In addition, dbpB/YB-1 is known to be a major, cell type-specific transactivator of matrix metalloproteinase-2 (MMP-2) transcription by mesangial cells (Mertens et al, 1997) .
It is not known whether the genes identified here can be causally linked to melanocytic transformation but due to their known functions in other cells they are potential candidates for pathogenetic factors of melanoma. It remains to be demonstrated which of the identified genes are differentially expressed in melanocytes and which in the neighbouring other cell types, like keratinocytes or fibroblasts. The latter are also important for tumour progression because growth stimulation of normal and malignant cells, cell motility, angiogenesis, stroma formation within malignant lesions and detachment of tumour cells from lesions involve complex interactions between autocrine, paracrine and endocrine factors (Herlyn and Malkowicz, 1991) .
In conclusion, we have demonstrated that PCR-based subtractive hybridization in combination with high-throughput array hybridizations and conventional Northern blot is highly efficient to detect differentially expressed genes even in tissues from which high-quality RNA is difficult to isolate in sufficient amounts. Therefore, the approach should also be useful for other tumours to identify potential factors and novel genes involved in malignant transformation. The transcripts identified in this study represent valuable candidate genes for further functional analysis in malignant melanoma and should be informative in studying the biology of the tumour.
